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ACCENTUATED SELECTIVE POPULATION TRANSFER DIFFERENCE SPECTROSCOPY:
A NEW METHOD FOR REVEALING HIDDEN PROTON NMR RESONANCES.

Niels H. Andersen, Hugh L. Eaton and Khe T. Nguyen
Department of Chemistry, University of Washington, Seattle, WA 98195

Summary: Block difference FID accumulation with an initlal selective decoupler pulse alternately placed
at the high and low frequency lines of a multiplet provides, upon transform, a difference spectrum that
shows only those other muitipiets that are scalar coupled to the probed resonance with full retention of
all splittings for the multiplets so revealed.

High-field programmable multipulse PT-NMR instruments are now routinely available for
structure elucidation of moderately complex natural products (MW 300-800). If obtaining a full
complement of 2D spectraf is precluded due to either instrument time constraints or compound
instability, the major obstacle in the spectral assignment process is locating (and visualizing
the multiplicity of) individual resonances in crowded spectral regions. Two techniques --
decoupling difference and ANOE spectra —- have been advocated3 for revealing hidden multiplets
that display either scalar or dipolar coupling to resonances in less crowded regions. Both
of these methods suffer from significant subtraction error p:rol:»lemsfr that can be only par-
tially corrected‘. The correction routines preclude direct accumulation of a difference FID
and require software that is not routinely available. 1In ANOE spectroscopy an additional com-
plication appears. Imprecise placement of the on—-resonance decoupler pulse (or the use of low
power settings to obtain selectivity) results in differential saturation of lines within a
multiplet and superimposes selective population transfer (SPT) effects upon the ANOE spectra.
The supression of SPT effects requires careful selection of composite pulses in the selective
pre-irradiation period.5

We now report that the reverse of the SPT suppression procedure of Neuhaus5 provides a
powerful difference technique for uncovering hidden resonances in a multiplet form which retain:
all of the scalar coupling constants. The method (outlined in the summary, detailed in a later
section) provides information equivalent to that of Ps—cosY2 and bears an obvious relationship
to the FT-INDOR experiment.6 The effects of SPT in difference spectroscopy can be illustrated
by the changes in the A portion of an ABXY spectrum (JAB' AX’ JBY positive; JBx~O) upon selec-
tive perturbation of lines within the X multiplet, see Figure 1.

t A representative set of 2D spectra1 would be: COSY, NOESY, and 2D-J. 2D-J spectroscopy
reveals (except in the case of Ji.>Avi.) the individual multiplet patterns from overlapping
regions, but cannot provide specx%ic cohnectivities. COSY spectra define scalar connectivities,
but in the absence of high resolution, 1K by 4K real points or greater, phase sensitive (PS)
detection coupling constants cannot be extracted from COSY plots. The latter require prohibi-
tive instrument and computer time; a published” PS-COSY (1K x 4K point) for a 16 mM protein
solution required 40 h for data accumulation and 10 h of transform time for the 2ppm width of
the amide NH region after zero-filling to 0.4 Hz/pt digital resolution in w,.

t In decoupling difference spectra, signals are of necessity acquired with the decoupler on a
different frequency for the differenced blocks. The resulting Bloch-Siegert shifts produce
difference signals that can be confused with the expectations for scalar decoupling. 1In ANOE

spectra the desired signals are frequently small (0.2-5% of Icontrol) and the source of the

common jdispersion” signal artifacts, phase shifts versus frequency shifts, is apparently
unknown .
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Pigure 1. Comparisons of control (I), off-center ANOE (II and III), gnd ASPT spectra for 20 mM
5Q-26536 (in CDC13). Trace II shows a ANQE spectrum for a transient experiment (7 = 260 ms)
with the selective "on-resonance” pulse ( 8 ~ 105°) centered on H-12 line vl. Trace III
utilized v2 in the "on-cycle"; both employ v3 (baseline at 3 ppm) as the "off-cycle" control.

The structural inset of Pigure 1 shows SQ-26536, a potent antagonist of platelet aggregators,7
with arrows indicating spatial proximities noted in ANOE spectra. The SPT effects on H-13 and
H-8 line intensities are clearly larger than the NOEs observed at H-14, 11, and endo 10a.

when the on-resonance pulse center is moved from the high to low frequency portion of the
multiplet the signs of all the SPT signals are reversed. The accentuated SPT difference
spectrum (pulse sequence as in Methods Description) corresponds to (II - III) and reveals only

the scalar coupled resonances, with dipolar NOEs completely suppressed.
The remaining examples of the application of accentuated SPT differencing are taken from

our studies of PGan in dilute Dzo bufferg. The spectral region from 1.5-1.7 ppm contains
severely overlapping multiplets from six protons (H-3a,3b,8,10a,16a, and 16b); and prior to oux
use of ASPT complete assignment and extraction of all J-values required in excess of 40 hr of
instrument time. In striking contrast, individual ASPT experiments typically require only sev-
eral minutes for AFID acquisitionlo. The traces in Pigure 2 illustrate the use of ASPT to as-
gign connectivity and to excise individual multiplets from the severely crowded spectral re-
gion. The clean difference signal for H-8, a broad complex multiplet hidden under the C-3

methylene quintet and half of the C-16 methylene AB of ABXYZ, is particularly noteworthy.ll
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FPigure 2. Accentuated ASPT spectra for 10 mM PGan (in 20 mM KZDPO4/D20) appear below the
control spectrum. Arrows ('t,4) indicate the "on" and "off" resonance positions employed.

Methods Description. 1In order to facilitate ready applicability in other laboratories we
have used a modification of the standard pulse program for direct accumulation of a difference
FID from small blocks of data at different decoupler frequencies:

([pD—”e(pw-tl )-7-"%0 ag FID(t,)], MINUS [po—”e(pw-tl )-7-"% AQFID(t,)14),
with —— PD = preparatory delay; 89 = a selective perturbation, flip angle = 6, of pulse width

t, centered at v1, vz, etc.; T = _mixing time; and "se is a non-selective acquisition pulse og
£iip angle equal to or less than = the Ernst angle — cos™ 'lexp—(t +tl+PD+T)/Tll ANOE spectra
are generated with v2 "off-resonance" to produce, in the second bfock, a control spectrum for
subtraction. Complete NOE suppression with SPT accentuation is accomplished by placing 0 at
the highest frequency line of the probing multiplet while the "off-resonance” pulse is replaced
by one located at the lowest frequency line of the same multiplet. A moderate decoupler power
(Vsz/zn = 2.5-10 Hz) is chosen so that the extreme states, (aa...) versus (B8...), are satura-
ted with partial selectivity while a 40-60 ms PW gives an average 80-130° flip angle over the
entire multiplet. “Mixing iimes" of 100 ms or less are used when only the scalar-related SPT
effects are to be observed.

The specific parameters for the exlﬁgrimentsl3 in Pigures 1 and 2 were: Pig. 1 —— PD = 1,7
s, tl = 40 ms (DP = 38L), 7 = 260 ms, e '3547° (PW = 6.5 us), tz = 820 ms, n=48; Pig., 2 — PD
=1.3 8, t; = 40 ms (DP = 50L), 7 = 60 ms, 6 ~ 72° (PW = 10.2 Ksj, t2 = 2.04 8s; n = 32, all

ASPT spectra at the same attenuation.



5262

H-108 Jroa Jius e J 9r0a
= |+
ol nin
Control X\ Il
ontro
ASPT,10a,! ASPTI, 1) Ju  ASPTI98,
Jioa

The traces immediately above show the 108-H multiplet of PGP,a and provide an illustrative
example of how J values can be derived by this technique. (SPT effects are also seen for
strongly coupled spin systems, but their quantitative interpretation is more complicated).
Accentuated SPT differencing is clearly a simple, and rapid, technique for unmasking the
identity and multiplicity of hidden proton resonances. We anticipate that the method

will find wide applicability in NMR assignment and structure elucidation.
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